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(54) Power sharing system for high power RF amplifiers 



(57) A land mobile radio system (110) includes a plu- 
rality of radio channels (1 12), each radio channel (112) 
being interconnectable (1 15) to any one of a number, N, 
of combiners (114), and each combiner (114) being 
associated with a corresponding transmit antenna (120). 
A combiner output signal at the output of each combiner 
(114) is connected to a transform matrix (133) which 
divides each combiner output signal into a number, N, of 
transformed signals, each transformed signal containing 
an equal power level part, 1/N, of each combiner output 
signal. Each transformed signal is provided to an ampli- 
fier (135) for amplification thereof, and the amplified 



transformed signals are provided to an inverse-transform 
matrix (138) which recombines the equal parts of each 
amplified transformed signal into amplified combiner out- 
put signals which are provided to the antennas (1 20) for 
transmission thereof. The land mobile radio system (110) 
includes N antennas (120), and where N is a power of 
m, e.g., N = m r then the transform matrix (1 33) is a Fou- 
rier transform matrix using a radix-m decimation-in-fre- 
quency algorithm having r stages, and the inverse-trans- 
form matrix (138) is an inverse-Fourier transform matrix 
using a radix-m decimation-in-time algorithm having r 
stages. 
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Description 
Technical Field 

5 The present invention relates to power sharing systems for radio frequency (RF) amplifiers. 

Background of the Invention 

Land mobile radio systems must generate power at radio frequencies (RF) in order to communicate with remote 
io mobile stations. For many years, such communications were accomplished using a system 10 such as the one shown 
in Fig. i. Referring to Fig. 1, such prior art systems use independent amplifiers 13 to amplify RF signals provided by 
radio channel units 12 (each for communication with a corresponding mobile station) and then combine the amplified 
radio signals with high-Q tuned combiners 15 (cavity combiners). The combined signals are then presented to a band- 
pass transmit filter 1 9 having an output connected to a transmit antenna 20 for transmission to the remote mobile stations 
15 (not shown). 

A problem associated with the use of static cavity combiners is that such combiners cannot function over a wide 
frequency range and therefore do not have the desired frequency-agile characteristics that are required with current 
mobile communication systems. Referring to Fig. 2, to overcome the limitations of the system of Fig. 1 using cavity 
combiners, a new technique is employed by current systems 25 wherein radio signals are combined through lossy 
so combiners 30 that can combine signals over a wide frequency range, e.g., 869 to 894 MHz. The outputs of these com- 
biners are amplified with linear amplifiers 35. By using linear amplifiers 35 which are broadband in frequency range, the 
system 25 is capable of handling input signals which are highly frequency-agile. 

It is important that the amplifiers used in the system of Fig. 2 have very linear amplification characteristics. If the 
amplifiers are not highly linear, additional undesired intermodular on signals will be present at the amplifiers output, 
25 thereby degrading communication quality. 

It is will known to describe the linearity of an amplilier by its "output third order intercept point (IP30)". For a given 
set of amplification conditions, the IP30 requirement fa an amplifier is given by equation 1 below: 

IP30 = 15logP Q - IM/2 + 5log(N 2 - 3N/2) (eq. 1) 

30 

were: P Q = power output per radio channel in milliwatts; N = number of radio channels being amplified; and IM = maximum 
allowable intermodulation level (inter modulation distortion) in dBm. For amplifiers which must produce a power output 
on the order of a few milliwatts, e.g.. 10 milliwatts, for a small number of radio channels, e.g., 4 channels, and with 
relatively low intermodulation levels, e.g.. -13 dBm, a fairly small and relatively inexpensive amplifier may be used. How- 
35 ever, when the need to generate power levels an order of magnitude higher, e.g., 5 watts per channel, for a large number 
of channels, e.g., 20 channels, while maintaining a similar intermodulation level, the size and cost of the amplifier required 
significantly increases. 

In a typical land mobile radio system, there may be as many as 60 channels connected to 12 antennas, with each 
antenna having on average 5 radios connected thereto via a lossy combiner and a linear power amplifier. As described 

40 above, each of these amplifiers can be quite expensive rt they must produce several watts for each of the channels while 
maintaining low intermodulation distortion. Another problem in determining the size of an amplifier in such a land mobile 
radio system relates to the statistical determination of how many radios (users) will be connected simultaneously to any 
one antenna. On average, there might only be 5 users, but it is very possible that 8 or 10 users may demand service 
through a single amplifier at a particular instance in time. In this case, the linearity requirements of the amplifier increase 

45 by 5log(N 2 - 3N/2) . For example, when increasing the number of users from 5 to 1 0. the IP30 intercept point increases 
by over 3 dBm as given by the examples below: 

5log(5 2 - 3*5/2) -6.22 dBm 

so 5log(10 2 - 3*10/2) = 9 65dBm 

An amplifier designed to handle such a large power while maintaining low intermodulation distortion is physically large, 
consumes massive amounts of power, is prone to frequent failure, and is extremely expensive. 

One method of dealing with this problem is to use very large linear power amplifiers and discretely assign a small 
55 number of channels to each amplifier. For example, a land mobile radio system, e.g., a cellular base site, may be fitted 
with 6 linear amplifiers. Each amplifier is physically large, approximately 2' x 2' x 3' (.6 m x .6 m x .9 m), and extremely 
expensive. For a 60 channel site, each amplifier must amplify 10 radio channels, e.g.. 10 base site radio signals, and 
has a quiescent d.c. power drain of approximately 1500 watts. It is evident that both the initial hardware cost and the 
operational cost associated with power consumption are very large. Additionally, since the radio outputs are statistically 
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assigned to specific amplifiers, such a system does not have the inherent ability to dynamically connect any radio channel 
to any antenna. 

The present invention provides a solution to these problems by a power sharing system that departs from these 
traditional approaches by eliminating the problems associated with statistical channel loading. 

Disclosure of the Invention 

An object of the present invention is to provide an amplifier power sharing system for a first plurality of channels for 
transmission on a second plurality of antennas in any order, thereby eliminating the need of any amplifier being required 
w to amplify a variable number of channels. 

A further object of the present invention is to provide a power sharing system which eliminates statistical peaking 
of the number of radio channels connected to any one amplifier associated with a transmit antenna. 

Another object of the present invention is to provide such a power sharing system for use in a land mobile radio 
system. 

is A further object of the present invention is to provide a land mobile radio system having reduced hardware cost, 

improved reliability, improved signal transmission quality due to improved amplifier characteristics, and dynamic con- 
nection of any user channel to any transmit antenna to thereby provide improved signal transmission quality by using 
the transmit antenna best surted to transmit the corresponding signal. 

A still further object of the present invention is to provide an amplifier power sharing system for evenly distributing 
20 a plurality of input signals over the amplifiers of the system, and for thereafter recovering the amplified input signals. 

According to the present invention, a plurality of input signals are provided to a transform matrix which divides each 
input signal into a number. N. of transformed signals, each transformed signal containing an equal part, 1/N, of the power 
of each input signal; each transformed signal is provided to an amplifier for amplification thereof; and the amplified 
transformed signals are provided to an inverse-transform matrix which recombines the parts of each amplified trans- 
25 formed signal into amplified input signals. 

In further accord with the present invention, the amplified input signals are amplified replicas of the input signals. 
According further to the present invention, in a land mobile radio system having a plurality of radio channels, each 
radio channel being mterconnectable to any one of a number, N, of combiners, each combiner being associated with a 
corresponding transmit antenna, the input signals are provided by the outputs of the combiners, and the transmit anten- 
30 nas transmit the amplified input signals. 

In further accord with the present invention, any radio channel may be dynamically connected to any one of the 
combiners. 

In still further accord with the present invention, the transform matrix is a Fourier transform matrix and the inverse- 
transform matrix is an inverse-Fourier transform matrix. 

35 According still further to the present invention, the land mobile radio system includes N antennas, and where N is 
a power of m, e.g.. N = m r , then the transform matrix is a Fourier transform matrix using a radix-m decimation -in - 
frequency algorithm having r stages, and the inverse-transform matrix in an inverse-Fourier transform matrix using a 
radix-m decimation -in -time algorithm having r stages. 

The present invention provides a significant improvement over the prior art because a land mobile radio system 

40 may be provided with linear amplrfiers wherein no statistical peaking allowance is required. Using the system of the 
present invention, each amplifier is equally used by all user channels so that even if all channels are simultaneously 
active, the maximum power ever required by any one amplifier is 1/N of the total power for all channels, where N is equal 
to the number of amplifiers. Additionally, using the system of the present invention, a radio channel is not required to be 
discretely assigned to a particular amplifier and antenna, but rather, the system allows the dynamic switching of any 

<5 user channel to any one of the antennas without affecting the power requirement of the associated amplifier. Therefore, 
the present invention provides an improved land mobile radio system having reduced equipment cost reduced operating 
cost and improved reliability and signal transmission quality. 

The foregoing and other objects, features and advantages of the present invention will become more apparent in 
light of the following detailed description of exemplary embodiments thereof as illustrated in the accompanying drawings. 

so 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a prior art land mobile radio system; 

55 Fig. 2 is a schematic block diagram of a alternative embodiment of the prior art land mobile radio system; 

Fig. 3 is a schematic block diagram of a land mobile radio system having power sharing in accordance with the 
present invention; 



3 




EP 0 704 964 A2 

Fig. 4 is a diagram showing the operation of a Fourier transform matrix and an inverse-Fourier transform matrix in 
relation to 16 linear power amplifiers of the system of Fig. 3.the Fourier transform matrix using a radix-2 decimation- 
in-frequency algorithm having four stages and the inverse-Fourier transform matrix using a radix-2 decimation-in- 
time algorithm having four stages; 

5 

Fig. 5 is a diagram of a ninety degree hybrid splitter used in the Fourier transform matrix and inverse-Fourier transform 
matrix of Fig. 4; 

Ftg. 6 is a diagram showing an alternative embodiment of a ninety degree hybrid splitter of the Fourier transform 
10 matrix of Fig. 4; and 

Fig. 7 is a diagram showing an alternative embodiment of a ninety degree hybrid splitter of the inverse-Fourier 
transform matrix of Fig. 4. 

is Best Mode for Carrying Out the Invention 

- The power sharing system of the present invention is particutarly well suited for use in a land mobile radio system 
wherein the statistical peaking of the number of channels (users) connected to any amplifier associated with an antenna 
of the system is eliminated because of the equal distribution of input channel power loads across each of the system 

20 amplifiers. Therefore, the required size of each system amplifier is minimized, but fully and uniformly utilized, thereby 
reducing hardware costs and improving reliability Additionally, the system of the present invention allows the dynamic 
connection of any radio channel of the system to any one of the system antennas. 

Referring to Fig. 3, a land mobile radio system 110 includes a plurality of radio channel units 112. In the example 
of the present invention, the system 110 includes 60 radio channel units. Each of the radio channel units 112 may be 

25 connected to any one of a plurality of lossy combiners 1 1 4 by a one-pole-N-throw switch 1 15. For purposes of illustrating 
the present invention, there are 16 lossy combiners 114. each being connected to any one of the radio channel units 
11 2 by a one-pole- 1 6-trrrow switch 1 1 5. It will therefore be understood by those skilled in the art that each lossy combiner 
114 has up to 60 inputs which may be connected at any one time by the 60 one-pole-1 6-throw switches 1 15 to the 60 
radio channeled units 1 12. Each of the radio channel units 1 12 is associated with a mobile station (not shown), e.g., a 

30 cellular telephone subscriber or user, and each channel is assigned a unique operating frequency. 

When a receiver section (not shown) of the land mobile radio system 1 1 0 receives communication signals associated 
with the various radio channels 1 12. the communication signals are uniquely identified to one of the radio channel units 
1 12 and provided thereto by the system 110. Thereafter, the radio channel unit 112 performs appropriate signal process- 
ing, e.g., signal filtering and amplification, and provides the signals via the system described hereinafter for transmission 

35 to the associated subscriber. 

Each one of the lossy combiners 1 14 is associated with a corresponding antenna 120 for transmitting signals to the 
subscribers of the system 1 10. The outputs of the combiners 1 14 are provided to the corresponding antennas 120 via 
the power sharing system 1 30 of the present invention. 

The power sharing system 1 30 includes an N x N Fourier transform matrix (Fast-Fourier transform matrix) 1 33 which 

40 receives the outputs of the combiners 1 14, and provides transformed output signals to each of a plurality of linear power 
amplifiers 1 35. The outputs of the linear power amplifiers 1 35 are provided to an N x N inverse- Fourier transform matrix 
(inverse-Fast-Fourier transform matrix) 138. In the example of the present invention, there are sixteen (16) lossy com- 
biners 1 14 and sixteen (16) antennas 120. and therefore there are sixteen (16) corresponding linear power amplifiers 
135. Both the Fourier transform matrix 133 and the inverse-Fourier transform matrix 138 are 16x16 matrices. 

Referring also to Fig. 4, the power sharing system 130 is shown in greater detail. The Fourier transform matrix 133 
evenly spreads the outputs of the 16 lossy combiners over the 16 linear power amplifiers 135. This is accomplished by 
using a radix-2 decimation-in-frequency algorithm having four stages. A radix-2 decimation-in-frequency algorithm is 
described in greater detail on pages 28 through 30 and figures 8 through 1 4 of Kraniauskas, Peter, "A Plain Man's Guide 
to the FFT\ IEEE Signal Processing Magazine, Pages 24-35. April 1 994, the disclosure of which is incorporated herein 

so by reference. As will be understood by those skilled in the art, each stage of a radix-2 decimation-in-frequency algorithm 
includes a plurality of ninety degree hybrid splitters 145, which are shown in greater detail in Fig. 5. 

Referring to Ftg. 5. each ninety degree hybrid splitter 145 may be a symmetrical four -port branch line coupler of the 
type known in the art. In the first stage of the Fourier transform matrix, outputs from two of the 16 lossy combiners are 
coupled to the splitter by a pair of input ports (lines) 501 .502 having an identical characteristic impedance. Yi. e.g., 50O. 

55 The outputs from the splitter are provided on a pair of output ports (lines) 503,504. The output ports 503,504 have the 
same characteristic impedance. Yi. as the input ports 501 ,502. The input ports 501.502 are connected to the output 
ports 503,504 by a pair of primary lines 510.51 1 . Additionally, the input ports 501 .502 and the output ports 503,504 are 
shunt connected by a pair of secondary lines (branch lines) 514.515. The length and impedance of the primary lines 
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510,51 1 and secondary lines 514,515 is selected to provide the desired division ratio of the input signals to the output 
signals. 

To implement the desired ninety degree hybrid splitter of the present invention, the characteristic impedance, Y 2 , of 
.the primary lines 510.51 1 is selected to be equal to the characteristic impedance of the input and output ports times 2" 

5 i.e., Y 2 = (Y«){2 ' Vz ) ss 707Y 1 . The characteristic impedance of the secondary lines is the same as the characteristic 
impedance of the input and output ports, i.e., Y v The length of the primary lines and secondary lines is selected to be 
one-quarter (Va) wavelength of the input signals. The phase velocity of the signals in the primary lines and secondary 
lines will be different because of the different characteristic impedance of the lines, and therefore, lines of different lengths 
must be used to provide the one-quarter wavelength length. 

io The hybrid splitter 145 may also be implemented using a "decimation-in-frequency butterfly" as illustrated in Fig. 6. 
Referring to Fig. 6. a decimation-in-frequency butterfly includes scaling functions 1 50. algebraic functions 1 52 and mul- 
tipliers 153 known as "twiddle factors". The scaling factors 150 are not required at every decimation stage, and can be 
collected to be applied only once, either to the input sequence or the output sequence of the Fourier transform matrix 
133. As is known in the art. each of the splitters 145 shifts its input by 1/2 of its period, in this case ninety degrees. The 

is output of a decimation stage can be interpreted as two half-length sequences of the input of the stage. Therefore, by 
recursively applying the decimation process over four stages, each one of the 16 lossy combiner output signals is spread 
out evenly over the 16 matrix outputs, e.g., 2 4 = 16, so that each amplifier amplifies one-sixteenth of each channel. 

As shown in both Figs. 3 and 4. the outputs of the Fourier transform matrix 133 are provided as the inputs to each 
power amplifier 135. In this case, using the Fourier transform matrix described hereinabove, each amplifier is used by 

20 all 60 input channels at a low power per channel. Therefore, even if all channels are active simultaneously, the maximum 
power ever required by any one amplifier is just 1/N(1/16th) of the total power for all 60 channels. This gives an effective 
peak power requirement for each amplifier equal to that for less than 4 (60 * 16 « 3.75) radio channels instead of the 8 
to 10 radio channel statistical peak power requirement that must be designed into a prior art system having 60 channels. 
Therefore, no statistical peaking allowance is required with the amplification system of the present invention. Additionally. 

25 in prior art systems, if one of the amplifiers fails, no amplified signals are provided to the corresponding antenna for 
transmission. In contrast, using the power sharing system of the present invention, if one of the amplifiers fails, amplified 
signals are provided to all of the antennas from the remaining operating amplifiers. 

It will also be understood by those skilled in the art that using the power sharing system of the present invention, 
there is no need to discretely assign any one channel to a corresponding antenna and amplifier. Instead, the one-pole- 

30 16-throw switches may be used to direct the output of the corresponding radio channel unit to the antenna best suited 
to transmit the signal. This is apparent by the realization that ail amplifiers of the system equally amplify the outputs of 
every radio channel unit. 

After amplification of the distributed lossy combiner signals, the original lossy combiner signals are reconstructed 
by the inverse-Fourier transform matrix 138. The inverse- Fourier transform matrix utilizes a radix-2 decimation- in-time 

35 algorithm having four stages to convert the outputs of the 16 amplifiers into amplified replicas of the outputs of the 16 
lossy combiners. The operation of the radix-2 decimation-in-time algorithm is described on pages 31 through 32 and 
figures 15 through 19 of the above referenced Kraniauskas article, the disclosure of which is incorporate herein by 
reference. A ninety degree hybrid splitter 146, of the type shown in Fig. 5 and described hereinabove, is used in the 
radix-2 deamation-in-time algorithm. Alternatively, a "dedmation-in-time butterfly" of the type shown in Fig. 7 may be 

<o used to implement the inverse-Fourier transform matrix. The decimation-in-time butterfly 146 is basically the inverse of 
the decimation-in-frequency butterfly 145 (Fig. 6). Each stage combines corresponding half-length sequences, starting 
with the final decimation stage, and back-propagates the arguments towards the input stage. As mentioned above, the 
final outputs are amplified replicas of the lossy combiner output signals. Thereafter, the outputs of the inverse-Fourier 
transform matrix are provided to the various corresponding antennas 20 (Fig. 3) for transmission to the corresponding 

45 mobile subscribers. 

As discussed herein above, each splitter 145 in the Fourier transform matrix introduces a ninety degree phase shift 
to the input of the splitter for producing two half-length sequences of the splitter input. Similarly, in the inverse-Fourier 
transform matrix, each splitter combines two half-length sequences into an original parent sequence, if, either during 
amplification of the outputs of the Fourier transform matrix or during transmission of the input and output of the amplifiers 

so 135 on signal lines 136 and 137, different phase shifts are introduced into the signals, the signals may be improperly 
reconstructed in the inverse- Fourier transform matrix. Therefore, it is important that the signal lines 136.137 and ampli- 
fiers 1 35 be phase-balanced with respect to one another so that each signal experiences an identical phase shift during 
amplification and transmission between the Fourier transform matrix and inverse- Fourier transform matrix. The phase- 
balancing may be accomplished by controlling the lengths of the signaJ lines 136, 137. and/or by adjusting the phase 

55 shrft introduced by the amplifiers 1 35. 

The signif icant advantages of the present invention over the prior art are best understood by example. In the following 
example, both the prior art system of Fig. 2 and the system of the present invention will be compared having an identical 
number of channels, amplifiers, antennas, and intermodulation requirements. For purposes of the present example, 
assume that the land mobile radio system includes 60 channels. 16 antennas, and 16 amplifiers. Without the phasing 
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network of the present invention, each of the 16 antennas needs to be able to handle the average load (approximately 
4 channels) plus a statistical peaking amount (approximately an additional 4 channels). Therefore, it is possible that 
each amplifier must amplify 8 channels simultaneously Alternatively, when the phasing network of the present invention 
is used, each of the 60 channels has its power divided by 16. and delivered to the 16 amplifiers. Therefore, instead of 
each amplifier being used by as many as 8 channels, each amplifier is used by all 60 channels on a low power per 
channel basis. Even if all 60 channels are active simultaneously, the maximum power ever required by any one amplifier 
is just 1/1 6th of the total power for all 60 channels. This gives an effective peak power requirement equal to that for 
approximately 4 (60/16 = 3.75) radio channels instead of 8 radio channels. No peaking allowance is required. Equation 
1 is used to compare the IP30 requirement for the two systems. 

Case 1 : No power sharing system (prior art). 

Power per channel required at amplifier output * 10 watts. 
i5 Number of channels per amplifier = 8 peak. 

IM specification = -13 dBm. 
IP30 » l5logl 0,000 - (-13/2) + 5log(64 - 12) 

20 

IP30 = 60 + 6.5 + 8.58 = 75.08 dBm 

This is a large amplifier with very high operating costs. The -13 dBm IM specification used in the example is the 
level mandated by the FCC for amplifier intermodulation distortion levels. 

25 

Case 2: Using the power sharing system of the present invention. 

Power per channel required at amplifier output = 10/16 watt = 625 mW. 
30 Number of channels per amplifier = 60 

IM specification = -13 dBm 
IP30 = 15log625 • (-13/2) + 5log(3600 - 90) 

35 

IP30 = 41 .94 + 6.5 + 1 7 73 = 66. 1 7 dBm 

In this case, there are more users (channels) per amplifier, and therefore more chance of intermodulation distor- 
tion; however, the power per channel is divided by the number of amplifiers over which the signals are spread out. 

40 Therefore, the power per channel on each amplifier, i.e. 625 milliwatts, is much lower than the 10 watts associated with 
the prior art system. As can be seen from the above comparison, the amplifiers required with the present invention have 
an IP30 intercept point which is approximately 9 dB lower than the amplifiers required in the prior art. This represents 
a cost reduction of approximately 80% associated with the purchase of the amplifiers. Additionally, such amplifiers oper- 
ate at a significantly reduced power level, and have an associated decrease in power consumption during operation. 

45 It should be noted that in prior art case 1 , the number of channels per amplifier is assumed to have a statistical peak 

of 8. In reality, there could be times when the actual number of channels exceed 8. If for instance and amplifier having 
an IP30 design of 75.08 dBm has 9 channels input at the same time instant, the required FCC intermodulation separation 
between channels would not be met. 

tn the above scenario, the intermodulation separation would be: 

50 

IM = 30logP o + 10log(N 2 - 3N/2) - 2IP3Q (eq. 2) 

IM = 30log10,000 + 10log(81 - 13.5) - 150.16 

55 IM = 120+ 18.29- 150.16 = -11.87 dBm 

The intermodulation separation is therefor out of FCC specification since it is less than the -13 dBm required. 

Although the preferred embodiment of the present invention is illustrated with a radix-2 Fast-Fourier Transform (FFT) 
having four stages, it will be understood by those skilled in the art that a variety of radices may be used in the Fourier 
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transform matrix 133 (Fig. 3) and in the inverse-Fourier transform matrix 138 (Fig. 4) for implementing the present inven- 
tion. For a given number of antennas and associated amplifiers, N, where N is a power of m. i.e., N = m r , then the 
Fourier transform matrix uses a radix-m decimation-in-frequency algorithm having r stages and the inverse-Fourier trans- 
form matrix uses a radix-m decimation-in-time algorithm having r stages. In the example given above, N is 16 and m is 
2, and therefore there are four stages, i.e., r = 4. However, if a radix-4 decimation-in-frequency algorithm is used, only 
two stages are required. As will be understood by these skilled in the art. depending on the number of amplifiers used 
in the system, other radices and associated number of stages may be selected to meet the requirements of the imple- 
mentation. Examples of radix-3 and radix-4 radices are provided on pages 32 - 35 of the above referenced Kraniauskas 
article, the disclosure of which is incorporated herein by reference. 

The power sharing system is described herein as being used in a land mobile radio system. However, the principles 
of the present invention may be applied to any system where the number of channels to be amplified and presented at 
a given output (antenna for instance) can dynamically change. 

Although the invention has been described and illustrated with respect to exemplary embodiments thereof, it should 
be understood by those skilled in the art that the foregoing and various other omissions and additions may be made 
therein and thereto without departing from the spirit and scope of the present invention. 

Claims 

1. A power sharing system (110) for amplifying a plurality of input signals in a plurality of amplification means (135), 
characterized by: 

transform matrix means (133) responsive to said plurality of input signals for providing transformed signals 
(136), each one of said transformed signals containing a portion of each one of said plurality of input signals, each 
one of said transformed signals (136) being provided to a corresponding one of said amplification means (135) for 
providing amplified transformed signals (137); and 

inverse-transform matrix means (138) responsive to said amplified transformed signals (137) for providing 
amplified input signals, each one of said amplified input signals corresponding to one of said plurality of said input 
signals. 

2. A power sharing system according to claim 1 characterized in that said transform matrix means (133) is a Fourier 
30 transform matrix and said inverse-transform matrix means (138) is an inverse-Fourier transform matrix. 

3. A power sharing system according to claim 2 characterized in that: 

the power sharing system Comprises a number, N, of said amplification means (135). 
where N is a power, r, of m as given by the relationship 

35 

N = m r 

said Fourier transform matrix (133) is implemented using a radix-m decimation-in-frequency algorithm having 
r stages, and 

40 said inverse-Fourier transform matrix (138) is implemented using a radix-m decimation-in-time algorithm hav- 

ing r stages. 

4. A power sharing system according to claim 1 characterized in that: 

the power sharing system comprises a number, N, of said amplification means (135), 
45 where N is a power, r, of m as given by the relationship 

N = m r 

said transform matrix means (133) is a Fourier transform matrix using a radix-m decimation-in-frequency 
so algorithm having r stages, and 

said inverse-transform matrix means (1 38) is an inverse-Fourier transform matrix using a radix-m deamation- 
in-time algorithm having r stages. 

A power sharing system according to claim 4, further characterized by: 
a plurality of radio channels (1 12) for providing radio signals; 

a number, N. of combiner means (114) for combining radio signals, and for generating at combiner outputs 
said input signals indicative of said combined radio signals; and 

switching means (115) for providing radio signals from each one of said radio channels (112) to any one of 
said combiner means (114). 
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6. A power sharing system according to claim 5, characterized in that a radio signal from one of said radio channels 
(112) is provided to only one of said combiner means (1 14) at a time. 

7. A power sharing system according to claim 6, characterized in that each one of said transformed signals contains 
5 a portion. i/N, of each radio signal. 

8. A power sharing system according to claiT 5. further characterized by: 

a number, N, of antennas (120); and 

wherein said inverse-Fourier transform means (138) provides each one of said amplified input signals to a 
w corresponding one of said antennas (120). 

9. A power sharing system according to claim 7, further characterized by: 

a number, N, of antennas (120): and 

wherein said inverse-Fourier transform means (138) provides each one of said amplified input signals to a 
is corresponding one of said antennas (120). 

10. A power sharing system according to claim 5, characterized in that: 

each one of said combiner means (1 14) corresponds to one of said antenna (120), and 
said switching means (115) can dynamically connect a radio signal from any one of said radio channels (112) 
20 to any one of said combiner means (1 14). 

11. A power sharing system according to claim 9. characterized in that: 

each one of said combiner means (114) corresponds to one of said antenna (120), and 
said switching means (115) can dynamically connect a radio signal from any one of said radio channels (112) 
25 to any one of said combiner means (114) 

1 2. A power sharing system according to claim 5. characterized in that each one of said radio channels (1 12) provides 
said radio signals at a unique frequency. 



30 1 3. A power sharing system according to claim 1 1 , characterized in that each one of said radio channels (1 12) provides 
said radio signals at a unique frequency. 

14. A power sharing system according to claim 1, characterized in that each one of said amplification means (135) are 
phase balanced with respect to one another such that each one of said amplified transformed signals experiences 

35 an identical phase shift during amplification by said amplification means (135). 

15. A power sharing system according to claim 1 characterized in that said transform matrix means (133) is a Fast- 
Fourier transform matrix and said inverse-transform matrix means (1 38) is an inverse- Fast-Fourier transform matrix. 

40 16. A power sharing system according to claim 2 characterized in that: 

the power sharing system comprises a number, N, of said amplification means (135), 
where N is a power, r, of m as given by the relationship 

N = m r 

45 

said Fast-Fourier transform matrix (135) is implemented using a radix-m decimation-in -frequency algorithm 
having r stages, and 

said inverse-Fast-Fourier transform matrix (138) is implemented using a radix-m decimation-in-time algorithm 
having r stages. 

50 

17. A power sharing system according to claim 13 characterized in that said power sharing system is used in a land 
mobile radio system. 

18. A power sharing system according to claim 17 characterized in that said amplification means (135) are high power 
55 radio frequency (RF) amplifiers. 

19. A method for amplifying the plurality o'f input signals with the plurality of ampirfication means (135) using the power 
sharing system according to claim 1 , the method characterized by the step steps of: 
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transforming said plurality of input signals into a plurality of transformed signals (1 36) in said transform matrix 
means (133), each one of said transformed signals containing a portion of each one of said plurality of input signals; 

providing each one of said transformed signals (136) to a corresponding one of said amplification means 
(135) for providing amplified transformed signals (137); and 

inverse-transforming said amplified transformed signals (137) into a plurality of amplified input signals in said 
inverse-transform matrix means (138), each one of said amplified input signals corresponding to one of said plurality 
of said input signals. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID <EP _070<t964A2 I > 



9 



EP 0 704 964 A2 



LU _ 




t; ^ =3 

0 LU Q_ 

1 ■ < o 




0 














LO LU 








<^ 








LL 




a 


S) 

( 








LU 




>- ^ 








— CD 




> SI 




< Q 




■CJ O 



< 

or 


RADIO 

CHANNEL 

UNIT 






10 

3NSDOCID" <EP 0704&64A2 I > 



EP 0 704 964 A2 



e4 



V 



LU 

i— ctr ct: 

t— X 5 
3H- o 

OO CL 







cr 




0 

p> — 


ISMIT 
ER 








23 

1— u 












INEAR 




JSM1T 
ER 






FILT 






01 c£ LL 
_! Q_ < 



3NSDOCID: <EP.„ 0704964A2 I > 



11 



EP 0 704 964 A2 




12 

8NSDOC1D: <EP ,_.0704£64A2 I > 




BNSDOCID: <EP 0704964A2_I_> 



13 



EP 0 704 964 A2 



Vcv 




<2k 




in 

CD 



SNSOCCIO: <£P_ 0704964A2 



14 



EP 0 704 964 A2 




Fig. 7 



15 

BNSOOC)0:<EP 07CW964A2.I > 



(19) 



02) 



(43) Date of publication: 

03.04.1996 Bulletin 1996/14 

(21) Application number: 95114346.0 

(22) Date of filing: 1 3.09.1 995 



Europdtsches Pa tent a mi 
European Patent Office 
Office europeen des brevets (11) EP 0 704 964 A2 

EUROPEAN PATENT APPLICATION 

(51) int. ci. 6 . H03F 3/60 



(84) Designated Contracting States: 


(72) Inventor: Meredith, Sheldon Kent 


AT BE CH DE DK ES FR GB IT LI NL SE 


Phoenix, Arizona 85044 (US) 


(30) Priority: 29.09.1994 US 314898 


[74] Representative: Pohl, Herbert, Dlpl.-lng. et al 




c/o Alcatel SEL AG, 


(71) Applicant: Radio Frequency Systems Inc. 


Zerrtraibereich Patente und Lizenzen, 


Marlboro, NJ 07746-1899 (US) 


Postfach 30 09 29 




70449 Stuttgart (DE) 



I 

o 

.£ 

V) 

! 
i 

s 

3 



i 



o 



Uj 
CD 

£ 

DC 
O 
O 



CM 
< 

to 
o> 



(54) Power sharing system for high power RF amplifiers 



(57) A land mobile radio system (110) includes a 
plurality of radio channels (112), each radio channel 
(112) being interconnectaWe (115) to any one of a 
number, N. of combiners (114). and each combiner 
(114) being associated with a corresponding transmit 
antenna (1 20). A combiner output signal at the output of 
each combiner (1 14) is connected to a transform matrix 
(133) which divides each combiner output signal into a 
number. N. of transformed signals, each transformed 
signal containing an equal power level part, 1/N. of each 
combiner output signal. Each transformed signal is pro- 
vided to an amplifier (135) for amplification thereof, and 
the amplified transformed signals are provided to an 



inverse-transform matrix (138) which recombines the 
equal parts of each amplified transformed signal into 
amplified combiner output signals which are provided to 
the antennas (120) for transmission thereof The land 
mobile radio system (110) includes N antennas (120). 
and where N is a power of m, e.g.. N = m r then the 
transform matrix (133) is a Fourier transform matrix 
using a radix-m decimation-in-frequency algorithm hav- 
ing r stages, and the inverse-transform matrix (138) is 
an inverse-Fourier transform matrix using a radix-m 
decimation-in-time algorithm having r stages. 
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number, N, of transformed signals, each transformed 
signal containing an equal power level part 1/N, of each 
combiner output signal Each transformed signal is pro- 
vided to an amplifier (135) for amplification thereof, and 
the amplified transformed signals are provided to an 
inverse-transform matrix (138) which recombines the 
equal parts of each amplified transformed signal into 
amplified combiner output signals which are provided to 
the antennas (120) for transmission thereof. The land 
mobile radio system (110) includes N antennas (120), 
and where N is a power of m, e.g. t N « m r then the 
transform matrix (133) is a Fourier transform matrix 
using a radix -m decimation-in-frequency algorithm hav- 
ing r stages, and the inverse-transform matrix (138) is 
an inverse-Fourier transform matrix using a radix-m 
decimation-in-time algorithm having r stages. 
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